Abstract-Selection of building material is an important issue in building design and construction decision-making and environmental issues need to be incorporated into the evaluation process. Prices vary for different types of green building materials. South Asian Green Building material market has lots of challenges and opportunities ahead. The future prospects are bright, but the South Asian (particularly Indian) customers are yet to get through the Rubicon of opting for Green Building instead of conventional buildings. Greener building standards and the rising energy costs are the market's main propellants. Unfortunately, enforcement of energy standards is uneven and customers are highly price sensitive. There is tremendous potential for construction of Green Building in India. The main objective to concentrate in Green Building is that, green building has a potential to save 30%-40% energy with reduction of operating cost and enhance good health. Through this report, authors studied the Green Building material market in relation to embodied energy and CO 2 emission from building material and analyzed the growth and trend of the materials in South Asian perspective over a period. For analysis authors have considered the city of Ahmedabad in India.
I. INTRODUCTION
A green building is one which uses less water, optimizes energy efficiency, conserves natural resources, generates less waste and provides healthier spaces for occupants, as compared to a conventional building. Green building is the practice of creating structures and using processes that are environmentally responsible and resource-efficient throughout a building's life-cycle from sitting to design, construction, operation, maintenance, renovation and deconstruction. This practice expands and complements the classical building design concerns of economy, utility, durability, and comfort. Green building is also known as a sustainable or high performance building.
Materials such as cellulose, cotton, fiberglass and mineral wool are capturing the market for insulations due to their excellent properties. Development of green roofs with eco-friendly materials from various manufacturers has also driven the growth of the roofing application segment. Interior finishing materials including eco-friendly carpets, recycled tiles and VOC free glues & paints are being consumed rapidly due to regulations regarding indoor environment quality and health hazards [1] . Wooden structures, steel with recycle content, autoclaved aerated concrete, engineered lumber and structural insulated panels for framing applications are expected to replace conventional materials. Hence, interior finishing and framing applications are expected to grow with healthy growth numbers over a period.
Building material selection is an important issue in building design and construction decision-making and environmental issues need to be incorporated into the evaluation process.
II. LITERATURE REVIEW
In building construction, the requirement of energy is large. It is in various forms. Materials which are required for construction, there manufacturing, transportation, actual use in construction and after construction, large amount of energy utilized. That form of energy is called as Embodied Energy. Secondly, there is good trend to use various green building materials in building construction. It will definitely helpful to make our building as Green Building. Production of Green material generally involves these types of material which are conventional, recyclable, waste products. Researchers are always trying to produce new building material, keeping various mix proportions, various conventional and non-conventional in gradients and taking all appropriate tests on them and conclude that this material is suitable for construction work. But no one tried to calculate their embodied energy along with all tests.
Buildings have a significant and continuous impact on the environment since they are responsible for a large portion of carbon emissions and also use considerable number of resources [2] . Buildings account for one-sixth of the world's fresh water withdrawals, one quarter of its wood harvest, and two-fifths of its material and energy flows [3] . The construction sector consumes considerable amount of energy from the production of basic building materials, its transportation and assembling called embodied energy. Energy conscious and eco-friendly development hold the key potential to significantly reduce thermal loads and electricity use in commercial buildings. Low embodied energy materials conserve energy and limit Green House Gases (GHG) emissions thus limiting the impact on the environment [4] . The energy in buildings may be looked from two different perspectives [5] . Firstly the energy that goes into the construction of the building using a variety of materials. Secondly the energy that is required to create a comfortable environment within the building during its lifetime. Embodied Energy is the sum of all the energy required to produce any goods or services, considered as if that energy was incorporated or ‗embodied' in the product itself [5] . The concept can be useful in determining the effectiveness of energy-producing or energy-saving devices, or the "real" replacement cost of a building [6] , and, because energy-inputs usually entail greenhouse gas emissions, in deciding whether a product contributes to or mitigates global warming. One fundamental purpose for measuring this quantity is to compare the amount of energy produced or saved by the product in question to the amount of energy consumed in producing it.
III. GAP IDENTIFICATION
So far going through various research papers in the Green Building sector, it is clear that Indian Green Building material market have lots of challenges and opportunities ahead. The future prospects are bright, but the Indian customers are yet to get through the Rubicon of opting for Green Building instead of conventional buildings. Also, the general awareness on Green Buildings in India is scare and scattered. The main objective and need to concentrate for Green Building is that, green Building has a potential to save 30%-40% energy with reduction of operating cost and enhance good health. Moreover, the embodied energy of building materials and the CO 2 emission by them is of importance during the research [7] - [10] .
Authors have analyzed the Indian market/industry on the basis of normal cement produced and consumed for construction in the last ten years and how much energy and CO 2 emission could have been saved and reduced by using Fly Ash, which is a post-consumer waste and Sandfree cement (Green material) instead of conventional cement. Energy saved can be directly related to monetary benefits [11] - [14] .
IV. RESEARCH METHODOLOGY
This is a descriptive research undertaken, pertaining to factors taken into account during analysing green building materials market. The data used in this project are the production and consumption figures of cement which is in million tonnes and related embodied energy and CO 2 emission which are in MJ/Kg and Kg/Kg respectively.
The research is an applied research as it uses the research theories and methods for a commercially driven purpose of getting to know the green building material overall demand and supply. The research type is descriptive because the data description is factual, accurate and systematic, but it cannot describe what caused a situation. Variation in the embodied energy (MJ) and CO 2 emission are checked for normal cement mortar and cement mortar with 20%, 35% and 55% fly ash.
A. Data Collection
Both Primary and secondary data are collected from various sources as a basic instrument or tool for the purpose of this research.
B. Data Source
Various data sources for the research are as follows: Green Building construction companies, Green Building materials supplier, research works on Green building, etc.
V. DATA ANALYSIS

A. Methodology
A quantitative analysis of the data collected has been done using inferential statistics. Authors have done the linear regression. Scenario writing has been done which consists of developing a conceptual scenario of the future based on a well-defined set of assumptions. Different set of assumptions lead to different scenarios. Data analysis has been divided into four segments: 1) Linear regression is used to analyse the month wise production and consumption data of Cement in India from 2005 to 2014. Same analysis is carried out for cement concrete, cement concrete with 80% cement+20%Flyash, 65%cement+35%Flyash and 45%cement+55%Flyash. Consumption of cement is replaced by 10%, 20% and 30% of Sandfree cement which is a green building material and data is analysed using linear regression over a period of ten years from 2005 to 2015.
2) Embodied energy and CO 2 emission by cement concrete is checked and compared with that of cement concrete with 80% cement+20%Flyash, 65%cement+35%Flyash and 45%cement+55%Flyash. 3) Similarly, scenario analysis has been done by replacing the consumption of cement with Green building material, i.e., Sandfree cement. 10%, 20% and 30% replacement are done and the embodied energy and CO 2 emission are compared for the given situations. 4) Financial analysis is done by calculating the cost incurred in using normal cement for construction instead of green cement (Sandfree cement). Comparison done by finding the amount saved in the process over a span of five years.
B. Data Used
Embodied energy and CO 2 emission mentioned in Table I , are the amount released during the production of the particular material. Moreover, prices of normal cement and sandfree cement (which is greener than normal cement) are given in Table II . The prices taken are for the city of Ahmedabad in India over a period of ten years (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) . The data from Table I and Table II are used for carrying out the analysis.
C. Analysis I: Correlation, Variability and Significance Check of Cement Production and Consumption with Time (Month)
The data shows the mean, correlation, adjusted R square and significance of all the items mentioned in Table III , month wise. It shows the fluctuation in demand and supply of cement industry in India. We took the data of 10 years or 120 months.
Correlation column shows the Pearson correlation coefficient which shows the correlation between the items mentioned in Table III and the number of months or time. A very strong positive correlation is seen here for every case as the value is well above 0.95. It means the items in reference will grow with the time or months.
Adjusted R Square shows percentage of variability. It basically talks about the perfect positive correlation or perfect negative correlation. It shows all items depicts 95% and above of variability and showing the strong positive correlation between the items in reference and months. Significance (Anova) column explains that the correlation we got in previous column is statistically significant or not. Here, 0.000 value explains that the correlation between the items in reference in Table III and monthly are strongly significant.
Term ‗Unstandardized Coefficients' in Table IV explains what will be the consumption of cement if we increase the number of months by 1. For example: the value of months is .124 means if we increase the number of month by 1 than the production of cement will increase by .124 million tone. Which depict the increased production of cement is possible in India as we move forward with time. The term ‗Constant' means intercept here. It means the value of production will be 9.278 if the number of month is 0, which don't make any sense in this context. Same can be inferred for other items in Table IV. For example: If we take the case of production of cement in Table IV with 95% confidence interval for correlation. The confidence interval for intercept is in the range of 8.94 to 9.61.
It means that at month 0, the production of cement will be in the range of 8.94 to 9.61 million tonne. For the months, the range is .119 to .129, it means by the increment of 1 month the production of cement will increase in the range of .119 to .129. The same follows for all the items in Table IV .
D. Analysis II: Embodied Energy and CO 2 Emission by Mixture of Different Proportion of Cement and Post-consumer Waste (Flyash)
In this analysis, Embodied energy and CO 2 emission by cement concrete is checked and compared with that of cement concrete with 80% cement+20% Flyash, 65% cement+35% Flyash and 45% cement+55% Flyash 187306564.1 and 173526517.1 respectively as shown in Fig.  1 . This clearly signifies that the rate at which embodied energy is increasing with time is maximum and minimum for mixture 1 and mixture 3 respectively. This is due to disparity in embodied energy of cement and fly ash (less embodied energy per kilogram as compared to cement). The CO 2 emission of three different mixtures of cement and fly ash has been calculated from 2005 to 2014. The three mixtures have specific ratio between cement and fly ash which are as follows such as mixture 1 (8:2), mixture 2 (6.5:3.5) and mixture 3 (4.5:5.5) respectively. The slope of mixture 1, mixture 2 and mixture 3 are 54609815.6, 38533094.24 and 35368787.17 respectively as shown in Fig.  2 . This clearly signifies that the rate at which CO 2 emission is increasing with time and is maximum and minimum for mixture 1 and mixture 3 respectively. This is due to disparity in CO 2 emission of cement and fly ash (less CO 2 emission per kilogram as compared to cement).
E. Analysis III: Embodied Energy and CO 2 Emission When Cement Consumption in Replaced by Sandfree Cement in Different Proportion
In this analysis, scenario check has been done by replacing the consumption of cement with Green building material, i.e., Sandfree cement. 10%, 20% and 30% replacement are done and the embodied energy and CO 2 emission are compared for the given situations. The embodied energy of three combinations of cement and green building material replacement of cement in India has been calculated from 2005 to 2014. The three mixtures having specific ratio of cement and green building replacement are as follows: Combination 1 (9:1), Combination 2 (8:2) and Combination 3 (7:3) respectively. The slope of mixture 1, mixture 2 and mixture 3 are 732383976.7, 724728395 and 717072813.4 respectively as shown in Fig. 3 . This clearly signifies that the rate at which embodied energy is increasing with time is maximum and minimum for mixture 1 and mixture 3 respectively. The minimum rate at which embodied energy is increasing with time is almost similar for combinations 2 and 3. But in the longer run, the differences between them can be clearly identified. This is due to disparity in embodied energy of cement and its green building replacement (less embodied energy per kilogram as compared to cement). Fig. 4 . This clearly signifies that the rate at which CO 2 emission is increasing with time is maximum and minimum for mixture 1 and mixture 3 respectively. This is due to disparity in CO 2 emission of cement and its green building replacement (less CO 2 emission per kilogram as compared to cement).
F. Analysis IV: Financial Analysis
Here, financial analysis is done by calculating the cost incurred in using normal cement for construction instead of green cement (Sandfree cement). Comparison is done by finding the amount saved in the process over a span of five years. 2) Assumptions  Room Height Max 10Ft  Room considered is 100 sq. ft.  2-4 persons  01 TV in room  Curtains on Glass windows  Coverage area of both normal cement and Sandfree cement is same.  Using Split Air Conditioner.  AC consumption for the whole year.  Electricity consumption will not reduce in 70:30 ratio. We have assumed the reduction in 50:50 ratio because the use of cement will be uniform on the walls.  The power input for AC is 1350 Watt-hour.  Reduction in consumption of electricity will be 25-30 percent by using Sandfree cement which is greener than normal cement. Considering 1000 sq ft home and the calculations in Table  VII and Table VIII are carried out using data from Table V  and Table VI. Table V provides the multiplier value required for calculation of tonnage of air conditioner for a particular city. Table VI gives the tonnage in the city of Ahmedabad for different room sizes. Cost incurred by using normal cement, sandfree cement and mix proportion of both for construction over a period of five years is calculated as shown in Table VII and in Table VIII , cost comparison is done under three different conditions: 1) Replacing the use of normal cement by sandfree cement, 2) Replacing normal cement by (70% cement+30% sandfree) and, 3) Replacing Sandfree cement by (70% cement+30% sandfree). It is seen that complete replacement of normal cement by Sandfree cement is not feasible under our assumed conditions in terms of monetary benefit. But, by replacing normal cement and Sandfree Cement with (70% Cement + 30% Sandfree cement), monetary benefit can be achieved as derived from the calculations.
1) Data used
VI. CONCLUSION
Generally, researchers are always trying to find out new building material which relates with recycle of material, use of waste material as in-gradients etc. This study helps to determine the embodied energy and CO 2 emission for construction material such as cement. Post-consumer wastes like glasses, plastics, tyres, fly ash, etc., can be used with cement concrete to make the building material greener. After analysis, it is seen that increasing the quantity of cement in concrete automatically increase the Embodied energy value. Same is the case with CO 2 emission.
Financial benefits as per the study very well depict the need of using Green Building material in construction sector.
